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,QZDWHUGULQNLQJSURGXFWLRQSODQWVXVLQJPHPEUDQHSURFHVVHVFRQWDFWZLWKFKHPLFDOV LV
VXSSRVHG WR SOD\ DQ LPSRUWDQW UROH LQPHPEUDQH DJHLQJ ,QGHHG WKHPDLQ GUDZEDFN LV WKDW
RUJDQLFPHPEUDQHV DUH VHQVLWLYH WR FKHPLFDO H[SRVXUH DQG WRPHFKDQLFDO VWUHVV LQYROYHG LQ
FOHDQLQJDQGGLVLQIHFWLRQVHTXHQFHV6RWKLVUDLVHVWKHSUREOHPRIWKHQHFHVVDU\RSWLPL]DWLRQ
RI WKH FOHDQLQJGLVLQIHFWLRQ SURFHGXUHV ZKLFK KDYH WR WDNH LQWR DFFRXQW WKH EHVW FOHDQLQJ
HIILFLHQF\DVZHOODVWKHOHVVGHWULPHQWDOSURFHGXUHVIRUWKHPHPEUDQHV7KDWLVZK\DJHLQJLV
EHFRPLQJ WKH QHZ ERQH RI FRQWHQWLRQ EHWZHHQ HQG XVHUV PHPEUDQH PDQXIDFWXUHUV DQG
FKHPLFDOSURGXFWVXSSOLHUV1HYHUWKHOHVVLQVSLWHRIQXPHURXVVFLHQWLILFUHVHDUFKHVUHDOL]HGRQ
WKHVXEMHFWVHYHUDOJDSVFDQEHXQGHUOLQHG
)LUVWWRPDNHDJHLQJH[SHULPHQWVHDVLHUDQGWRVKRUWHQWKHH[SHULPHQWDOWLPHVLQYROYHG
E\WKHDJHLQJPHFKDQLVPV WKHFRPPRQO\XVHGSDUDPHWHU³FRQFHQWUDWLRQîWLPHRIH[SRVXUH´
FîWLVXVHG7KLVZD\RIWKLQNLQJZRXOGVXSSRVHWKDWVWURQJFRQFHQWUDWLRQVIRUVKRUWWLPHVRI
H[SRVXUHFRXOGEHFRQVLGHUHGHTXLYDOHQWWRORZFRQFHQWUDWLRQVIRUORQJWLPHVRIH[SRVXUH7KLV
DSSURDFK UHPDLQV TXHVWLRQDEOH DQG WKH PDMRU LVVXH RI WKH FXUUHQW PHPEUDQH DJHLQJ
UHVHDUFKHVZRXOGEHWRGHILQHFRQVLVWHQWDQGUHSUHVHQWDWLYHDJHLQJSURWRFROV
 6HFRQGO\ WKH VWXGLHV SHUIRUPHG XQWLO QRZ DUH IRFXVHG RQ WKH XVH RI FKORULQH ZKLOH
K\SRFKORULWHLVQRWXQLYHUVDOO\DSSOLHGDQGWKHXVHRIFKORULQHEDVHGUHDJHQWVLVH[SHFWHGWREH
UHVWULFWHG LQ WKH QH[W \HDUV 6RPH QHZPHPEUDQHV DUH QRW FKORULQH WROHUDQW DQG WKH XVH RI
FKORULQH ZDV VKRZQ WR JHQHUDWH FKORULQDWHG RUJDQLFV ZLWK GHWULPHQWDO HIIHFWV RQ KHDOWK DQG
HQYLURQPHQWDO LPSDFWV 6R DOWHUQDWLYH GHWHUJHQWV FRXOG EH VLJQLILFDQWO\ XVHG LQ WKH IXWXUH
+RZHYHUYHU\IHZZRUNVKDYHEHHQIRFXVHGRQWKHPHPEUDQHDJHLQJUHVXOWLQJIURPWKHXVHRI
IRUPXODWHGGHWHUJHQWVVXFKDVHQ]\PDWLFGHWHUJHQWVOHVVGHWULPHQWDOR[LGDQWV
([SHULPHQWV ZHUH UHDOL]HG LQ RUGHU WR JHW D EHWWHU XQGHUVWDQGLQJ RI FKDQJHV LQ PHPEUDQH
SURSHUWLHVRUDW OHDVWDEHWWHUXQGHUVWDQGLQJLQWKHPHFKDQLVPVEHKLQGWKHFKDQJHVVRDVWR
EHDEOHWRWDNHWKHPLQWRDFFRXQW LQRSWLPL]LQJFOHDQLQJSURFHGXUHV3RO\VXOIRQHKROORZILEHUV
PHPEUDQHVZHUHXVHGWRVLPXODWHWKHLQGXVWULDODJHLQJLQVWDWLFFRQGLWLRQVLQ1D2&ODQGLQILYH
GHWHUJHQWV 38OWUDVLO  DFLGLF 38OWUDVLO  DONDOLQH 38OWUDVLO 38OWUDVLO 1HZ
(Q]\PDWLFEXIIHU32[\VDQ=6FRPSRVHGRISHUDFHWLFDFLGDQG0LFURFDUHELRFLGH
7KH PDFURVFRSLF FKDQJHV ZHUH PRQLWRUHG E\ SHUPHDELOLW\ PHDVXUHPHQWV DQG PHFKDQLFDO
VWUHQJWK WHVWV FRXSOHG ZLWK D PLFURVFRSLF FKDUDFWHUL]DWLRQ E\ $75)7,5 WR LGHQWLI\ WKH
IXQFWLRQDO JURXSV DIIHFWHG E\ DJHLQJ DQG 6(0 WR YLVXDOL]H TXDOLWDWLYHO\ WKH VXUIDFH
PRGLILFDWLRQVDQGGHWHULRUDWLRQV

)LUVW SUHOLPLQDU\ H[SHULPHQWV ZHUH UHDOL]HG RQO\ ZLWK 1D2&O IRU D VDPH YDOXH RI F î W
SDUDPHWHU EXW ZLWK D VLPXOWDQHRXV YDULDWLRQ RI FRQFHQWUDWLRQ DQG RI WLPH RI H[SRVXUH 7KH
UHVXOWV HPSKDVL]HG WKDW WKH PDFURVFRSLF DJHLQJ DV ZHOO DV WKH PLFURVFRSLF DJHLQJ DUH QRW
HTXLYDOHQW IRUDKLJKFRQFHQWUDWLRQVKRUW WLPHRIH[SRVXUHDQG ORZFRQFHQWUDWLRQORQJ WLPHRI
H[SRVXUH )RU WKH XOWUDILOWUDWLRQ PHPEUDQHV DQG IRU WKH H[SHULPHQWDO FRQGLWLRQV WHVWHG WKH
SHUPHDELOLW\ GHWHULRUDWLRQ LQ IXQFWLRQ RI F î W SDUDPHWHU KDV EHHQ VKRZQ WR EH QRW
KRPRJHQHRXVDFFRUGLQJWRWKHWHPSHUDWXUH$W&DQG&LWVHHPVWRKDYHDPLQLPDOWLPH
RI FRQWDFW IRU WKHPHPEUDQH GHJUDGDWLRQ0RUHRYHU WKH XVH RI F î W SDUDPHWHU VLJQLILFDQWO\
XQGHUHVWLPDWHVWKHGHJUDGDWLRQVFDXVHGE\1D2&OFRQWUDU\WRZKDWKDSSHQVDW&ZKHUHWKH
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
1039 C. Regula et al. /  Procedia Engineering  44 ( 2012 )  1038 – 1040 
F î W SDUDPHWHU RYHUHVWLPDWHV WKH GHJUDGDWLRQV 7KLV LV FOHDUO\ YLVLEOH RQ WKH 6(0 LPDJHV
REWDLQHGIRUWKHVDPHFîWSDUDPHWHUFRUUHVSRQGLQJWRSSPGD\)LJ

,QRUGHUWRDFKLHYHDUHOHYDQWHVWDEOLVKPHQWRIDQDJHLQJSDWWHUQZLWKRXWXVLQJDQDFFHOHUDWHG
DJHLQJ SURWRFRO ZLWK KLJK FRQFHQWUDWLRQV DQG VKRUW FRQWDFW WLPHV IXUWKHU H[SHULPHQWV ZHUH
UHDOL]HGXVLQJDQDSSURDFKEDVHGRQPHWKRGRORJLFDOWRROVZLWKVHYHUDOFRQFHQWUDWLRQVDURXQG
WKHLQGXVWULDOFRQFHQWUDWLRQVFRPPRQO\XVHGIRUDOOWKHFRPSRXQGVVHYHUDOWHPSHUDWXUHVIURP
& WR & DQG VHYHUDO VRDNLQJ WLPHV IURP  GD\V WR  GD\V GHILQHG E\ H[SHULPHQWDO
GHVLJQV7KHUHVXOWVDFKLHYHGOHWWRFRQVLGHUKLJKGHWHULRUDWLRQVLQYROYHGE\1D2&OLQFUHDVHRI
SHUPHDELOLW\ GHFUHDVH RI VWUHQJWK DW EUHDNPRGLILFDWLRQV RI VXUIDFH SURSHUWLHV DSSDULWLRQ RI
FUDFNOHV DQG GLVDSSHDUDQFH RI VSHFLILF SHDNV IURP $75)7,5 VSHFWUD 7KH FRPSDULVRQ RI
UHVXOWVDW&RIKROORZILEHUVDJHGLQ1D2&ODQG32[\VDQ=6DWWKHLUUHVSHFWLYHLQGXVWULDO
FRQFHQWUDWLRQVKRZWKDWGHJUDGDWLRQVRIPHPEUDQHSHUPHDELOLWLHVDUHIDUPRUHGHWULPHQWDOZLWK
1D2&O WKDQ ZLWK 32[\VDQ =6 LQ VSLWH RI SRVVLEOH H[WUHPH FOHDQLQJ S+ DQGRU WLPH RI
H[SRVXUH 7KH VDPH WHQGHQFLHV FDQ EH REVHUYHG RQ PHFKDQLFDO SURSHUWLHV DQG SRO\PHU
GHWHULRUDWLRQV REVHUYHG RQ 6(0 LPDJHV DQG $75)7,5 VSHFWUD &RQFHUQLQJ WKH RWKHU
GHWHUJHQWV WHVWHG DQG FRQVLGHULQJ WKH ORQJ DJHLQJ GXUDWLRQ DSSOLHG LQ WKLV VWXG\ LW FRXOG EH
FRQFOXGHG WKDW WKH IRUPXODWHG GHWHUJHQWV DUH TXLWH KDUPOHVV IRU WKH PHPEUDQH IRU D WLPH
FRUUHVSRQGLQJ WR WKH HIIHFWLYH FXPXODWHG LQGXVWULDO WLPH RI FRQWDFW 7KHVH UHVXOWVZRXOG KHOS
RSHUDWRUV WR RSWLPL]H WKH FOHDQLQJ FRQGLWLRQV DQG WR DYRLG WKH ZRUVW FRPELQDWLRQV
FRQFHQWUDWLRQWHPSHUDWXUHWLPH RI FRQWDFW LQ RUGHU WR PDLQWDLQ WKH EHVW SHUIRUPDQFHV RI
PHPEUDQHVLQSODFHZLWKRXWGHJUDGDWLRQRIWKHP

,Q JHQHUDO WHUPV WKH UHVXOWV VKRZ WKDW 1D2&O FDXVHV WKH ZRUVW DJHLQJ GHWHULRUDWLRQV RQ
PHPEUDQHV DIWHU H[WHQGHG H[SRVXUH DQG FKDQJHV LQPHPEUDQH FKHPLFDO JURXSV K\GUDXOLF
SHUIRUPDQFHVPHFKDQLFDOSURSHUWLHVDQGSK\VLFDOVWUXFWXUHZKLFKZDVZHOONQRZQ IRUD ORQJ
WLPH 7KH DGGHG YDOXH RI RXU ZRUNLQJ OLHV LQ WKH EURDG ILHOG RI DJHLQJ FRQGLWLRQV WHVWHG DQG
PRVWO\ LQ WKHULJRURXVDJHLQJPHWKRGRORJ\DSSOLHG ,QGHHG WKH    FîWSDUDPHWHUZKLFKZDV
WKRXJKVLJQLILFDQWUHYHDOHGQRWVLJQLILFDQWDQGWKLVVWXG\FOHDUO\GHPRQVWUDWHGWKLVSRLQW7KDWLV
KRZ QHZ YLVLRQV WKULYH DV ZHOO DV WKH QHZ GHWHUJHQWV WHVWHG +RZHYHU IRU DOO GHWHUJHQWV
GHWHULRUDWLRQRI393LVREYLRXVDQGXQDYRLGDEOHDVLWFDQEHREVHUYHGRQWKHVSHFWUDREWDLQHG
DW & RYHU  GD\V WR FRQFHQWUDWLRQV HTXDO WR WKH KDOI DQG WKH GRXEOH RI WKH HIIHFWLYH
LQGXVWULDO FRQFHQWUDWLRQ DSSOLHG )LJ 5HJDUGLQJ WR WKHPLFURVFRSLFGHWHULRUDWLRQVREWDLQHG
QRREYLRXVFRUUHODWLRQFDQEHHVWDEOLVKHGZLWKWKHSHUPHDELOLW\YDULDWLRQDQGWKHGHWHULRUDWLRQRI
WKHPHFKDQLFDO SURSHUWLHV(YHQ LI WKH GHWHULRUDWLRQPHFKDQLVPKDV EHHQZHOO HVWDEOLVKHG LQ
SUHYLRXVZRUNVRWKHUGHWHULRUDWLRQPHFKDQLVPVVHHPWRRFFXUDQGKDYHWREHVWXGLHG
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)LJ  6(0
SLFWXUHV RI PHPEUDQHV DJHG LQ DFFHOHUDWHG FRQGLWLRQV LQ 1D2&O IRU D VDPH SURGXFW
FRQFHQWUDWLRQîW SSPGD\DW&

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)LJ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